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ABSTRACT 

An experimental investigation is made of the field configuration existing in 

aperture radiators cf rectangular shape cut in the broad side ot a standard lw by 

0.5" X-band waveguide. <G.l apertures have one dimension equal to a half free 

space wavelengthj the other dimension varies from a half wavelength to two wave- 

lengths = Both far zone measurements and probe measurements in the aperture are 

limited to amplitude readings. An attempt is made to correlate the distribution 

in the neighborhood of the aperture determined by means of a probe with the aper- 

tura field configuration obtained from synthesis of the far zone patterns. Two 

different hypotheses are assumed; 

(1) In accordance with wnat has been established for apertures whose 

lengths,in terms of wavelength, arevery large, eaoh component of 

the elsctric field distribution in the aperture may be described 

by a single traveling wave mode (plus a reflected wave) character- 

ized by a complex propagation constant. 

(2) Tb<'  slot field distribution may be described in terms of a finite 

number of staniing wave modes. 

The standing wave node hypothesis is shown to be the most reliable. Best 

results are obtained for the tangential component of the electric vector which 

is transverse to th« long axis of the aperturu.  Spurious radiation at the 

edges., with polarization parallel to the long axis of the aperture introduces 

errors which make correlation between the measured longitudinal component and 

the simple theoretical mode configurations very poor. 
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I> Introduction 

An aperture in the wall of a waveguide which perturbs the current distribution 

existing over the wall of the guide for a given waveguide mode effects electro- 

magnetic coupling belvssr. tha interior and the outside and serve3 as a radiating 

element for that waveguide mode. Slots are a special case of aperture radiators 

whose length is large compared to the width.   The properties of slot radiators 

whose lengths are comparable with the wavelength or very much greater than the wave- 

length have been investigated in considerable detail and such elements have found 

widespread applications. Reviews of the extensive work done in this field during 

the war are given in the books by Watson* ' and Silver  . 

The radiation characteristics of the aperture are determined by the field 

configuration in the aperture itself. In the case of slots this configuration 

(3) is relatively simple. Hie electromagnetic Babinet principle ~ ' has proved to be 

very useful in this connection and the properties of slots have been well coordi- 

nated with those of wire antennas. A wider variety of field configurations can 

be generated in rectangular aperturer whose width is comparable with the length 

ind correspondingly a wider variety of radiation patterns can be obtained. Such 

radiating elements may be useful either singly or in combinations to produce re- 

quired complex be&m patterns. 

The following discussion pertains to rectangular apertures cut in the broad 

fe.ee of a standard 1" x 0.5H waveguide supporting the TE^Q-mode. The aperture 

in each case is symmetrical with respect to the axis of the waveguide as shown 

in Figure 1 (Section II). The aperture dimension b, transverse to the waveguide 

axis, is a half free space wavelength in each case,  ihe object of this study 

ia to de+eriiiiiic how the excitation in the aperture depends on the dimension a, 

along the axis of the guide. 
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The region between the narrow slot (a ~ A/8) and the long slot (a » X) has 

(A.) 
yet to be investigated. It has been established   that the field configuration 

in the long slot (in the region of about 7 wavelengths and longer) may be described 

by a single traveling wave mode characterized by a complex propagation constant; 

assuming the slotted vjaveguide dimensions limit propagation to a single mode. 

Th* question arises 83 to just how small the dimension a can be while the 

aperture yet supports the characteristic traveling wars of the long slot. 

In the other extreme of the narrow slot, tfas aperture field is constant in 

amplitude and phase in the direction of the waveguide axis. Up to the value a 

«• \/'+, this constant distribution in the longitudinal direction is still a good 

approximation. At a value a =   /2, the for zone pattern exhibits an aryoimetry 

which indicates a phase variation across the aperture in the longitudinal direc- 

tion. In addition, the aperture commences to support a transverse polarization. 

As the dimension _i is increased further-, patterns for both polarizations take on 

a constantly increasing directivity. 

It has been shown ' that a go, 1 approximation to the far zone pattern of a 

square aperture, edge length equal to a half-wavelength, can be obtained by as- 

suming the aperture to be supporting two modes of excitation: a constant mode 

E0 and a half sine mode. If this is a valid hypothesis, it is then to be ex- 

oected that as a i3 increasedi  higher order modes will be supported by the 

aperture. The increase of phase variation across the aperture with an increas- 

ing number of standing wave modes could well account for the increasing pattern 

directivity. 

However, from the traveling wave mode point of view, this increasing direc- 

tivity can also be accounted for. That the phase constant be a function of the 

longitudinal dimension is not a satisfactory hypothesis to make. The most likely 
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explanation is that the inc^e»^^ of pattern directl«"!+y ••rlth an increase of length 

is due to the decrease of energy remaining in the traveling wave reflected from, 

the e,id of the aperture, In other words, for the ahorter apertures and where the 

traveling wave has a low attenuation constant, the positively traveling: wave plus 

the reflected wave add up to give a net field distribution which constitutes a 

single standing wave type of mode. The small net phase variation clouds the 

larger phase variation of the positively traveling wave. 

Consequently it was considered advisable to attempt to arrive at the slot 

field configuration by utilizing two different hypotheses: 

(1) The slot field distribution for each E field polarization may be 

described by a single traveling wave mods characterized by a com- 

plex, propagation constant. 

(2) The slot field distribution may be described in terms of a finite 

# 
number of uns.then"ated standing wave modes; the number of modes 

being dependent to some degree on the dimensions of the slot with 

respect to free Rps.ce wavelengths 
-• 

Probe measurements in apertures of the small dimensions to be investigated 

may be of questionable value when considered alone. However, when considered in 

conjunction with the 3lot field distribution obtained by synthesis of the far 

zone patterns, the probed distribution can be expected to be of some use despite 

the large error. As this project is not meant to be an exhaustive study of the 

7 
problem^ measurements in the aperture and in the far zone are limited to ampli-       • 

tude measurements; thus simplifying the experimentation and allowing a greater 

region of aperture dimensions to be investigated in the time available. Fhase 

* In general a Fourier representation of the field involves an infinite 
number of modes; it is assumed that all but a certain finite number make a 
negligible contribution to the proner-Mes of the aperture. 

- 3 - 
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measurements to assure uniqueness will be left to a more extensive study of the 

excitation of aperture radiators in waveguides. 
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II. Diffraction Pattern and Aperture Distribution 

The aystem of coordinates relating the aperture field to the far zone field 

is show/ in Figure 1, 

Aperture Distribution: 

The waveguide i3 supporting the TEQ-^ mode and is assumed to be terminated in 

its own characteristic impedance. By hypothesis (1), the aperture distribution 

may be described by a single traveling wave mode of the form? 

Exlx.y) = t.U>g,ly) = ie~*'* + r,e~*'a e+*,x)= cos JLL (1) 

(2) Eylx,y) =f2tX)92(y) = (e-
y?X
+r2e-^

ae+?2X)= sinlX- 

where  y =<X+|/3    fl= phase constant 

CX s  attenuation constant 

r = reflection coefficient of the and of the slot 

The simplifying assumption is made that the end of the slot behaves as an 

ideal short circuit to the energy remaining in the traveling wave slot mode; thus: 

r, = + i. r8 « -1 

Since f2(x) must be zero at x = ±  a/2, equation (2) does not hold for 

x m -a/2» If sucL a traveling wave distribution does occur, a sudden drop of Ey 

at x elope to -a/2 is to be expected. For integration purposes this drop of 

field intensity is assumed to be infinitely sharp, allowing integration over the 

full slot length. 

The simple type of y  dependence assumed for g^(y) is based on the consid- 

erations that it satisfies the boundary conditions at y = i a/?: and that the 

aperture is resonant to this mode 3ince the dimension in the y-direction is  /2. 

Ail higher order sinusoids are expected to have much smaller amplitudes. 

I 
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Fig. 1 

SPHERICAL COORDINATE SYSTEM AMP RECTANGULAR SLOT IN AN 
INFINITE SHEET IN THE X-y PLANE 

9 

WAvE'.iJIDE SUPPORTS THE Ti301 MODE PROPAGATING IN THE 
POSITIVE x DIRECTION 
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If the slot region is thought of in terms of a short section of waveguide 

supporting the TE type of mode" (E^, E_, and Hz), g^Cy) i^
: then obtained by dif- 

ferentiation of gi(y)t Aside from that consideration, the use of an odd function 

for go(y) across the slot is suggested by the nature of the transverse current 

flow in the unperturbed driving mode in the waveguide which the sides of uie slot 

intercept, 

The form of g-j(y) and g2(y) is verified by the far zone patterns shown in 

graphs (1) and (2). 

Bj- hypothesis (2)^ the aperture distribution may be described in terms of a 

finite number of resonant modes of the form: 

EyU,y> = f2(x)o2iy) =  (Amcos•^ + Bnsini^s,n^-2- 
a ab 

whei-Cp to satisfy the boundary conditions, 

m - odd, n = even integer 

m I^c cos TTv 

where, by analogy with the solution for a 
3hort waveguide of length equal to the slot 
depth, 

n -  0 or even, a s  odd integer 

-Tu» *TI» ^n» "m* are *•** general complex constants 

The number of dominant modes entering into the representation of the field 

in the slrt is, to be sure, a function of the 3lot length. For example, a slot 

length of a full wavelength may be expected to support only modes having a full 

period or less. As was noted befci*e, the basic idea in the analysis is that a!3 

other modes play a secondary part particularly as far as the radiation pattern 

is concerned. 

Diffraction Patterns; 

(2) 
Integration of the vector Helmholtz equations   gives the following far 

I 
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zone fields for the case of an aperture la an infinite ground plane. 

In the plane 0 a 0 
y 

j k x si n 8 ^"ik e"jkR' -   '    ? 

E
*= 

/ E,U,y) e'" ••"- dxdy 

A 

J'      VjkRcosö/Ey(x,y)eJk>;slnÖ(lxdy 2TTR 

In the plane $ -    HV 

9=^e"JkRyEy(x'y)eJkysir'edxd> 

-cp- 
>HR 

rjkRcos9 fEx(x,y,  ejk*  sin9dxd, 
J 
A 

where k a free space phase constant 

Examination of equations (3) and (6) show that since g9(y) is an odd func- 

tion, the diffraction pattern for Ew ia the plane 0 - 0 is always equal to zero. 

Therefore, another plane is necessary in order to obtain a pattern that is a 

function of fg'x) alone. 

Figure (2) shows the system of coordinates used as an alternative. 

The general expression for the Ey component of the far sone field can be 

written in the form: 

E„ = 
jk   .-J*R . 

sin <K  ccs ty I  Ev(x, y! e 
(c   ,  -,  jk(x sin«sin'|'+y cosa) 

> j    ILyVA.y 

•4 
dxdy   (9) 

V ' 2TTR e 

For Q(     constant (by keeping o and P. constant), (9) simplifies to the form: 

a 
*7 

Ey.-ÜJL e-
jkRcos^ /\2(x)e

jkxsin* sin* 
J-SL 

;TTR 
dx (10) 

where X is a constant obtained by integrating goV")» 
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, III, Experimental Procedure 

Far zone patterns were taken with the waveguide fed aperture mounted flush 
m 

in a 5' x 6.6' ground plane. The receiving horn and bolometer detector war» mounted 

on a rotatable U frame 5«9 feet above the ground plane. The U frame was synchro- 

nised to a polar recorder. 
• 

Probe Measurements: 

Figure (3) is a photo of the apparatus used in taking amplitude measurements 

in the slot. The probe carriage and bolometer detector assembly is isolated from 

the aperture to the extent of 40 db. by means of polyfoam strips sprayed with 

(6) Aquadag solution  . The sprayed strips are supported in two tren3verse columns 

so as to absorb both polarization components. The presence of the complete as- 

sembly, except for the probe and supporting coaxial line, was found to have no 
I 

effect on a surface probe placed in the aperture. The apparatus thus provided a 

convenient support for the moving probe and eliminated the danger of stray pickup 

at the detector assembly, while causing no distortion of the ape ture field. The 

,        extent of aperture field distortion due to the presence of the probe and adjacent 

coaxial line remains an unknown factor. 

Of the various probes investigated, the slot fed dipole was* found t-f> be t-ft* 

most satisfactory. It is the least bulky, has good pickup and symmetry, and is 

the easiest to make since no balun is necessary= 

Measurements of Uv(x) were made with a slot fed probe of a quarter wave- 

length total dipole length, 1/16" outer diameter dcaxLal line, and .C10w slot        / '.. 

width. The short dipole structure was necessary since K_ reverses phase at the 

center of the half wavelength vide slot. Measurement of S_.(x) does not require 

probe symmetry* However, extraneous pickup did alter the relative readings 

when a net of readings was taken .ritii the probe rotated 180 degrees, Since it 
- in - 
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was not known which of the two probe positioaa was least subject to this extraneous 

pickup, it was decided to take two runs and to average the readingse ß16 probe 

was rotated 180 degrees for each run. Averaging at least gave a mean between the 

largest and amllest error. 

Preliminary measurements of E^fo)* for the cact» a - X were of such a per- 

plexing nature it was decided to use two different probes (a clot fed probe and a 

shielded two wire line probe) in order to help clarify the type of probe errors 

being encountered. The  slot fed probe had a total dipole length of a half vave— 

length, a 1/16" outside diameter coaxial line and s010" width slots. The shielded 

two wire lins probe had a quarter wavelength total dipole length, and 1/32" out- 

side diameter copper shielding for each half dipole lead. Neither probe displayed 

ideal symmetry so the same averaging procedure was followed in making the measure- 

ments for Ey(x). 

Synth««*!;; Procedure: 

Synthesis of the aperture distribution to approximate the measured aperture 

field or to give a far zone field that correlates with the measured fir zone pat- 

tern is more easily done graphically. For the larger apertures, where 3 or 4 

standing wave modes may be present, graphical computation is the only practical 

method. Because of errors in measurement, the use of matrices to obtain the 

mode constants from experimental data yields unsatisfactory results. 

The pattern integrals used sre shown in the appendix. Tue particular form 

shown for the pattern due to the traveling wave modes is convenient for graphical 

computation. 

v 
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IV, Results and Discussion 

Best results were obtained for Ey, on which the major part of the discussion 

will be centered. 

The half sine form of £2(y) (equations 2 and 3} integrates to give the far 

zone füttern shown in graph (2). "this pattern agrees to 2# with the measured pat- 

terns ii\ the plan« je • 9C degrees for the entire range of dimensions investigated* 

Because of the transverse dimension of the slot the experimental data serve only 

to verify the existence of the null in g2(y) along the central line and the ampli- 

tude symmetry about ehe null, 

EL. as a Traveling Wave Mode; 

The two-wavelength slot, whose far zone pattern has all the appeax-ances of a 

traveling wave type of pattern was considered first. The phase and attenuation 

constants were obtained froa the diffraction pattern as follows: 

(a) Assume that the amplitude of the reflected wave in the slot is of 

such small magnitude that it has no effect on the angle of the max- 

imum of the main lobe produced by the positively traveling wave. 

Examination of equation (13) in the appendix shows that the angle 

«/>  at which E-Zcos ^ is a maximum determines the phase constant 

ß     by the relations: 

— = sin a sin »i/ 

where: .L -ratio of frss space phase velocity to the phase ve- 

locity of the traveling wave in the slot 

k - phase constant cf a traveling wave in free space 

sin « is determined by the position of the receiving horn. 

For all measurements, sin >%  = 8875 

- 13 - 
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(b) Snowing the phase constant, use equation (13) to determine an 

angle (- \\f    ) close to the main lobe of the negatively traveling 

wave at which E^. due to the positively traveling wave is a min- 

imum. Obtain the relative amplitudes of the measured Ey at - »£" 

and t> >•//  « The attenuation constant is then obtained free 

the relations 

E U<H       i 
E(-<M     e"aL (12) 

By this method, a value of JL = „475 and an attenuation constant a' = .125 
v 

nepers per cm. were obtained for the two-wavelength 3lot„ Graph (9) shows good 

agreement between calculated and measured patterns. Once obtained, these same 

values should hold for the shorter s.'ots as well. However, the best synthesis 

of the far zone patterns for the shorter slots required slightly smaller phase 

and attenuation constants. Good agreement witb the patterns for the slot lengths 

from  7X/4 to  X /2 was obtained for a -£- - .45, and an ex - .O76 nepera per 

cm. Measured and calculated patterns are shown in graphs (3) to (8). 

Per slot lengths of 1,§ wavelengths or less, method ^a; did not hold since 

the rear lobe of tne negatively traveling wave affected the tilt angle of the 

main lobe for the positively traveling wave. However, the values obtained for 
8 

the 7/4 wavelength slot also gave good pattern correlation for the shorter slots, 

thus avoiding the necessity of making successive approximations to the unknown 

pnase velocity and obtaining the attenuation constant by method (b) for each ap- 

proximation until satisfactory correlation between measured and computed patterns 

is obtained* 

The aperture distribution determined by these mode constants is. oompared 

with the measured distributions in graphs (11) to (14). Here, no agreement is 

- 14 - 
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K ais a Sum of Standing »ve Hades«. 

The standing wave mode hypothesis yields more satisfactory correlation be- 

tween the measured aperture distributions and those synthesized from the f_r zone 

patterns. The aperture distributions arrived at are listed below in order of in- 

creasing slot length. The 1.5 wavelength slot has a second, less likely distribu- 

tion listed in parenthesis. It is used to illustrate the different effects produced 

on the far zone and slot fields when a third mode is introduced. 

Table I 

, . 

Slot Length a in Wavelengths Slot field Distribution f~(x) 

1/2 cos TTx 

• 

3/4 

1 

5/4 

3/2 

TTx    , - j90 .  OTT» 
cos — -— > -le   sin JLÜJL 

cos 2 TTx JDL_+,2e-j375-(n£^ 

C0SJH_..7e-
j29sinULx.. 

L L 

{COS J!JL_.|. |.55 » a-J35,;02Ix 

7/4 

cosJyL + |.55 e- -135 < 2TTx   _ -i90  37T* sin—L*. +.|5eJ cos—— 

cos JpL + 4e-J
80 sin 2TTj leJ35 cos 3 TTx 

2     cosÄ^^c^^sin^^eJ^cos^^e-J45^^- 

Phase angles are in degrees. 

The far zone and aperture fields for the above listed distributions are 

compared to the measured far zone and aperture fields in graphs (3) to (9) and 

- 15 - 
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graphs (li) to (14), respectively. The correlation is seen to be much better than 

that obtained with the traveling-wav9-mode hypothesis. 
• 

The slot field distribution was obtained from synthesis of the far sono pat- 

terns for slot lengths from 1/2 wavelength through 5/4 wavelength. The third 

mode for the 3/2 'mvelength slot was arrived at with some attention being given 

to the measured slot distribution, Sufficient confidence was had in the probe 

readings by the time th« n/u  wavelength slot was investigated sotnatit was decided 

to obtain the distributions for the 7/4 and 2 wavelength slots by working jointly 

with both the far zone patterns and the probed distribution. Btcause of the many 

modes in the 2 wrelangth slot, a solution ?ivin«? rood correlation between the 

aperture and far zone measurements would have been most difficult without using 

the two together in the synthesis of the aperture field. 

Each 3lot length will br> discussed briefly: 

Graph (,11a) shows only a correlation for the case of the half wavelength 

slot. However, the field perturbation due to the presence of the probe and its 

coaxial support would be expected to be large in such a small aperture. In ad- 

dition, results for the larger size slots consistently show a. high extraneous 

• 

probe pickup in the 1/4 wavelength region near the end of the slot. In the 1/4 

wavelength region at the beginning of the slot, the extraneous pickup is con- 

sistantly only about one fourth as high.  This explains the asymmetry in the 

probe readings for the half wavelength aperture. 

The 3/4 wavelength slot appears to have a small asymmetry in the far zone 

pattern. However, the radiated energy in EL. is so low for the 3/4 wavelength 

slot (as well as for the half wavelength 3lot) that pickup of stray reflections 

from discontinuities in the ground plane and from the structure supporting 

the receiving horn tends to cloud the true pattern. The slot is too short to 

- 16 - 
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allow sufficiently accurate probe readings in the neighborhood of the aperture to 

determine the absence or presence of a second mode of excitation. The pattern 

asymmetry was accepted for mode synthesis but the conjecture would be the* the 

3A wavelength slot has only a single mode. Otherwise the relative amplitude of 

this second mod« for th« une wavelength slot would be expected to be higher than 

observed. 

The decrease of probe errors with increasing slot length is illustrated in 

graphs (12a) and (12b). 

Graph (13a) shows that two modes give a relatively poor correlation with the 

probe measurements for the 3/2 wavelength slot. Better agreement is obtained by 

the addition of a third mode. The disparity in the data about the minimum can be 

partly attributed to extraneous pickup. Another possible explanation for the 

mediocre correlation, even with three modes, is that these readings were taken 

before it was decided to average the readings from two runs. (Probe reversed 

130° for second run.) Graph (7) shows the minor effect of the third mode on the 

fai zone pattern. 

The good correlation for the 7/4 wavelength and the two«wavelength slots 

can be attributed to reduced probe errors, to the joint utilization of both far 

aone and aperture fields for obtaining the mode constants, and to an improved 

technique obtained from expert.finse with the smaller slots. Although the far 

zone pattern for the 2 wavel«r»g*--» slot could be accounted for satisfactorily by 

only three modes, a fourth mode was required for a satisfactory representation 

of the measured aperture field distribution, 

A comparison of the results obtained with the traveling wave hypothesis 

and the standing wave hypothesis can only lead to the conclusion that the latter 

hypothesis is more accurate. In fact, the close correlation between the 

- 17 - 
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synthesized aperture field and that determined by probe measurements leads to the 

belief that the standing wavs hypothesis holds exactly for slot lengths between 

1/2 wavelength and two wavelengths. Of course, a study of the phase characteris- 

tics of the field are needed to substantiate this hypothesis more fully. 

An estimate of the accuracy of the mode constants obtained would be ± 10$ 

for the amplitude constants and j; 5 degrees for the relative phase values4 

> Graph (15) shows the phase curves for the field distributions in the 7/4 wave- 

length slot obtained by both the standing wave and the traveling wave methods. 

The similarity of the curves explains why it was also po 3.''\le to obtain good 

pattern correlation with an assumed traveling wave mode in the aperture. The 

likeness is even more marked if the minimum amplitudes are taken as reference 

points and made to coincide on the graph. The horizontal lines in graph (15) 

indicate the traveling wave minimum at x «-.7 cm. and the standing wavs minimum 

at x s + .06 cm. A comparison of phase curves for the other length slots would 

be expected to be equally similar. A cheek on the J-/2 wavelength slot shows a 

traveling wave phase variation of only -4° from X - - .8 cm. to x = 0 (region of 

large field amplitude), and a phase variation cf * 6° from x = 0 to x = * .8 cm. 

(region of small field amplitude). The standing wave phase variation is zero 

for the single cosine mode in the 1/2 wavelength slots 

Ejr Polarizations 

Probe measurements for all slot lengths, including the 3 wavelength s'.ot, 

consistently show a reversed J type of amplitude distribution. Pattern measure- 

ments show an increasing number of side lobes with increasing slot length. The 

large height and the periodicity of these side lobes indicates the presence of 

spurious radiation from the slot edges at x s - a/2  and x = • a/2. 

- 18 - 
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The three wavelength slot displays apertur« and far field characteristics 

similar to those of the two wavelength and shorter apertures. Because of the 

greater number of interference lobes and the larger region over which probe meas- 

urements can be made, the three wavelength apsrtur» is the mot»t convenient for 

analysis of the edge field radiation. Th& measured far zone and aperture fields 

are shown, respectively, in Graphs (10) end (16)« 

The aperture field in Graph (16) has an appearancs more like a traveling 

wave mode with a hlgn attenuation constant rather than that of a combination of 

a limited number of standin; wave modes. However, the- far zone field shown in 

Graph (10) is obviously not a pattern due to a traveling wave plus a reflected 

wave mode. Expressing this measured aperture field as a summation of standing 

wave nodes would require a great number of modes. Such a solution has not been 

attempted since it is outside the realm of our finite mode hypothesis. 

Since the far zone pattern cannot be obtained from the traveling wave mode 

hypothesis and since the aperture distribution cannot be synthesized b^  the finite 

standing wave mode hypothesis, a reliable solution that gives correlation between 

the aperture and far field measurements is unattainable with either hypothesis 

alone. Having established the standing wave mode hypothesis for the Ey(x) aper- 

turs fields, a logical step was to attempt to express the E^x) fields as a 

superposition of standing wave modes plus high amplitude edge fields. However, 

an attempt at obtaining the form of the edge fields leads to contradictory re- 

sults which, once more, minimizes the possibility of obtaining good correlation 

between the aperture and far field measurements. Examination of Graph (16) 

shows that a traveling wave with an attenuation constant of 0,9 nepers per cm. 

gives a good approximation to the measured edge fields. The absence of aperture 

phase measurements leaves only far zone patternsas the means for obtaining the 

- 19 - 
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mod«, of 5<3 nepers per cm, attenuation, at both slot edgiä. However, agreement 

was best with the step type of source and 3ince neither gave particularly more 

satisfactory correlation with the probe readings, the step source was used. 

- 20 - 

phase characteristics of the edge fields. From a mode concept, the discontinuity 

presented to the dominant waveguide mode by the aperture is expected to give rise 

to a numbtr of higher order evanescent modes. Where the aperture length is in the 

order of a wa-s.Aaugr.h or more, these higher modes will be localized in the region 

of the aperture edges at x n   ±  a/2. The proximity of the aperture edge field« 

to these evanescent waveguide fields suggests that the edge fields also have an 

inJinite phase velocity. However, an attempt at approximating the positions of 

the maxima and ad aj"« of the aeasured ' r field interference lobes by assuming the 

presence of sag?- fields with 0.9 nepers per cm. attenuation and an infinite phase 

velocity was unsuccessful. Reasonable agreement was found V9 require an attenua- 

tion constant of 5»3 nepers per cm. But this large value affords no correlation 

with the measured edge fields. It- is unlikely that edge fields characterized by 

a finite phase velocity and by the .Measured attenuation constant of 0.9 nepers 

per cm. would result in a more successful synthesis of the f*r field pattern, so 

further investigation was discontinued at this point. 

Good agreement with the observed side lobe minima and maxima for slot lengths 

froui three wavelengths to one wavelength (the 3/4 and 1/2 wavelength slots have 

no side lobes) can be obtained by approximating the fields at the edges of the 

slot bv sourr.es nf constant SJBplitu«** a"<i phase extending from x 3 — a/2 to X a 

- a/2 + X /8 and from x a • a/2 to x - * a/2 -- X /ft added to standing wave 

modese The interference pattern for the three wavelength slot is shorn in graph 

(10). The maxima and minima points are seen to agree except about the region of 

the directive main beam at G • •*• 35°» As mentioned previously, reasonable agree- 

ment with the maxima and minima can also be obtained for an assumed evanescent 

».**>««•« •,—. v •» -    —• - .     



7. Conclusion 

Evidence has been presented indicating that the E (x) aperture field, for slot 

lengths from 1/2 wavelength to two wavalengths, consists of one or more resonant 

standing wave modes. The number of modes resonating is a function of the slot 

length with respect to free space wavelength. For a slot of length a • nX/2, 

where n is an integery n resonant modes appear« The lowest order mod** lias a half 

period and the n'th order mode has n/2 periods. Measurements have also been taken 

for the three wavelength slot. Calculations are incomplete but indications are that 

the standing wave hypothesis still holds. The dominate mode appears tc be the 

3in —— mode. 
Q 

The E^(x) cr>mnonft!Th of the aoerture field distribution remains unclear. A 

solution first requires the determination of the form of the E^ fields in the re- 

gion about the aperture edges, rnasö raefi3uremer.ts are necessary to clarify the 

phase behavior of the edge fields. 

The good pattern synthesis obtained for E_(x) using the incorrect traveling 

wave mode hypothesis demonstrates the unreliability of amplitude päilern synthesis 

unless correlation with aperture amplitude measurements is also obtained. As a 

further example,, reasonable synthesis of the far field patterns for the half wave- 

length square aperture could be obtained for each of the following Ex(x) aperture 

distributions s 

(1) A constant mode plu>". a half sine mode; 

(2) A constant mode plus two aperture edgo step SOUTCGS; 

(3) Only two aperture edge step sources. 

However, none of these distributions is in good agreement with the measured aper- 

ture field. 

Aperture lengths have not been reaohed at which the net E (x) aperture field 

'MMi<j<«yirt;'.'. «o «« • vi» .» i 

1 



changes from a suomation of standing wave modes to a predominantly single travel- 

ing wave mode. A conjecture would place this critical aperture length between 

4 and 5 wavelengths. 
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APPENDIX 

I. Traveling Wave Integral 

Given   T2u) = e-+re   e 

«tier«    r      a reflexion coefficient of slot edge m -1 

X      =   a + j p k 

ex.     s attenvation constant 

p   = c/v - ratio of free tipace to traveling wave phase velocities 

k    a    fc"/A a freö space ph«5S constant 

then for a slot of length a =     " y'2 

f 2 (x )•• e jk K*d* «f- i-e 
-nT((p-K)   _n/2o(X /2WA\ 

N     o«X +j 2TT (p-K)    / 

r]/0(A _jnTT(ptK)\ v k /      -H«** -in" IP*KJ\ 

re eJ I^XTJITTTPTK)    j(13) 

To obtain Ey( y ) by equation (10) of section II 

set K m  sin OC sin J/ 

For all measurements of Ey( >j» ), the receiving horn is positioned at sin (X 

n .375: Simplification of equation (13) is unnecessary since it is the most con- 

vient form for graphical computation. 

. 

'. 

II, standing wave integrals 

For a slot of length a m    n X/2, supporting the m«* cosine or »ine modes 

•#/ 

J- /cos(Mi)ejkKx<«« 
- K 

.mir 

cos(^Jsin(^lIt) 

+ - m in l"jH cos ("j 
KnTT . 

-i 
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where K s sin © for paltpiua in the planes 0^0° and 0 - 90°. 

(15) 

HI, Interference Pattern from Slot Bjjflg Sco-ces 

The slot extends from x = 0 to x :J a = nk -'Z,    The sources have F^ polar- 

isatlon and have the following step form: 

E^x) s 1 for  x/6 2 x > 0 

Es(x) »0 for a - X/0 > x > X/e 

Ex(x) • A e^ for a > x > a - >/« 

wher« A i« a real constant 

d" is a constant, phase angle 

Thsc, in the plan= £ 3 0°, and for S^Cy) • coa —*-    , equation (I/) in secti 

II gives 

^(ö) = 32R ( —^— e 8 Vl+Äe e        /        (16) 
~8~ 

wherp X - sin Q 

For the specific case of a = n\/n   » 3 X  ( n. = 6), the relative phase 

angle 6    was obtained from the first positive maxima in figure (10) by the 

equat5.on; 

where 0 - 6,9°. 

By {ln>>    d   if *"Dund - -1^°. A is arbitrarily chosen equal to .4 giving cc-'r.ci- 

,        dence with the measured aa-djDur.1 ,4r,d mnimutn &t.  respectively i £> « -13° nd 0 a -23.5 o 

- kO 

1 

I" 

J + 2TT sin &•{•% 5-) = 0 (17) 
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